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Equipment Maintenance
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This pamphlet introduces system calibration to Air Force personnel involved in acquiring test equipment
(ATE). It outlines a technical concept for calibration support of ATE and describes organizational
relationships needed to make it work. Key hardware and software components are discussed.

Section A—Introduction
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the performance of sophisticated weapon sys-
tems at all levels of maintenance. Organiza
tional- and intermediate-level activities need
ATE to directly support weapon systems, SO we
must try to eliminate anything which causes
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ATE downtime when pOSSlDlC without compro-
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effective ATE performance, and a well-

conceived calibration scheme is the key to
determining system performance and to building
confidence in results.

2. Background. Computer-controlled ATE
evolved from numerically-controlled test sta-
tions, which grew from dedicated collections of
manual test equipment. t:arly caubranon sup-
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collection of 1nd1v1dual test 1nstruments, rather
than as a test system. As a result, sources of
measurement error were missed and ATE
downtime was severely aggravated by the
logistics shoricomings of the individual test
nstr ts
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Directorate of Metrology at the Aecrospace

Guidance and Metrology Center (AGMC/ML)
developed portable calibration standards for
Minuteman ATE. An environmentally-
protected standards set was taken to the ATE
site and the entire ATE station was calibrated
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at one time. Under the portable automatic test
equipment calibrator (PATEC) concept, the
standards go to the test station instead of
tearing the station apart one instrument at a
ume Ior calibration in the laboratory L,allbra-
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ATE statlons for many major A1r Forc weapon
systems.

4. Core PATEC. After several applications of
the PATEC concept and as PATEC-calibratea

ATE became wmely OlS[l‘lDUleO, tne engmeers

tion of even the largest ATE station seldom
takes more than a few days, twice a year, they
decided it would be logistically advantageous to
deploy the set of common standards to precision
measurement equipment laboratories (PMEL)

worldwide, with the one ‘‘Core’’ PATEC abie

moved to another Dlace. a basnc level of
calibration support would already be available.
See paragraph 14 for handling calibration
requirements peculiar to a particular ATE
station.

Section B—Organizationai Reiationships

5. General Information. Some basic interrela-
tionships are vital to smoothly develop and
deploy ATE calibration capability. Usually,
three major parties outside AGMC are invoived:
tha ATE_an .nnn “nrao ~FFy
in¢ AlcC-aCquiring prog U

contractor, and the ATE-using command. This

section outlines the relationship between
AGMC/ML and each of the other parties.

6. ATE Acquisition Agency and AGMC/ML.
During development of ATE calibration capabil-
ity, AGMC is the acquiring agency’s technical
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Crmcal Design Reviews, Calrbratlon/Measure-
ment Requirements Summary (CMRS) reviews,
operational test and evaluation, and Calibration
Test Program Set (Cal-TPS) specification devel-
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s. The CMRS PS are described in
detarl later The deusron on whether additional
standards are funded by AGMC or the acquisi-
tion agency is usually decided by how early the
requirement is identified and budgeted.

7. Using Major Commands (MAJCOM) and
AGMC. The primary goal of on-site ATE
calibration is to provide effective supporr to the
UledllUlld‘ J N i

send PATECs to PMELs for their use in
support of customers. However, where good
sense dictates, AGMC supports PATEC owner-
ship by the ATE owner-user. When the using
MAJCOMs want to provide PATECs to ATE

owner-users, they must make lhlS known as
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schedule consrderatrons and any techmcal prob-
lems the approach might create. If, after
reviewing the AGMC recommendation, the
MAJCOM decides that a dedicated, user-owned
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EC is the most appropna[e approach,

y C gives technical support to the contrac-
tor, including such things as technical informa-
tion on calibration techniques, calibration test
program software design, technical order (TO)
preparation, and Lalrbratlon Interface Test
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Adapter (Cal-iITA

Bureau of Standards for all weapon systems.
For ATE, they do so by giving PMELs ATE
calibration standards and TOs. Core PATEC is
the means by which PMEL personnel calibrate
ATE on-site. In addition to a Core PATEC for
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Section C—Calibration/Measurement Require-
ments Summary

1 a lirements generated by a
weapon system its ATE, and its calibration
standards. It is usually prepared by the contrac-
tor according to MIL-STD-1839 and Data Item

Description DI-QCIC-80278.
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il. Purpose. The CMRS is often used as a

software requirements document for the
Cal-TPS; it also assures the Cal-TPS can
calibrate the ATE well enough to meet weapon

system requirements. CMRS data are organized
into three columns: weapon system test require-
ments under Category 1; ATE calibration
requirements in Category II; and performance
specifications for the calibration standards under
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Category I11.

must include only the maxrmum performance
parameters dictated by the mission to be
performed. Overstatement of requirements will
cause an exponential rise in calibration support
costs Category 11 entries come from Lategory I

o 3

b

must be measured
ATE voltmeter accuracy in Catezorv I1 must
reflect an appropriate improvement in accuracy.
The specifications for the standards to calibrate
the ATE are shown in Category III and have the
same relationship to Category Il data as the
jatter do to Category I, i.e. an accuracy

..... miant miict ha mracant NAand maaciira
llllplUVC CILHIL 1HIUdL UT pPIoscilt ououu ncasuic-
ment practices and Air Force policy ‘define the
desired transfer accuracy ratio at each step to be

four-to-one, as set out in DI-QCIC-80278.
Thus, with two transfers between the weapon
system and the ATE calibration standard, the
latter would typrcally need to be some 16 times

13. Review and Approval. A
h current established
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CMRS for compliance wit
guidance and sends its recommendanon for
approval or improvements to the ATE acquisi-
tion office. After approval, it may be used as
the performance baseline for the Cal-TPS, for

which it represents the ‘‘design-to’’ goals.
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Section D—Portable Automatic Test Equipment
Calibrator

14, General Information, As noted above, the

AGMC scheme for ATE calibration support is
to provide a Core PATEC to every PMEL.
They may use it to calibrate a variety of ATE
stations; experience shows many of them are
made up of Instrumentation covering the same
measuremeni  parameters. Manufacturer and
model number vary, but there is a strong
tendency for the parameters to recur. AGMC
handles ATE system-unique requirements by
fielding tailored augmentation packages with the
standards not found in the Core PATEC. From

time to time, it bccomes obvious virtually every

siammantatinn mackas
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standard is made a

and distributed to all P ELs.

15. Core PATEC Composition. As of this

writing, the Core PATEC covers the foliowing
measirement parameters:

a. DC and Low Frequency Stimuli: DC volt-
age and current, AC voltage and current, and
resistance.

b. Time and Frequency Measurements: fre-
quency, period, time interval, rise and fall time,

and frequency dlfference

mark.  and lp\/p]nd cine

wave.

d. Angular Position Measurements: three-
wire synchro and four-wire resolver.

e. RF, Microwave, and Modulation Measure-
ments: RF power attenuation, frequency, phase

llUle, llll) lluut uluuumuuu, ucquml\.y lIlUUuld‘
tion, and phase modulation.

Section E—Calibration Test Program Set

16. General Information. A Cal-TPS is like any
other ATE test program, except the unit under
test is the ATE itself. It’s like the ATE self-test,
though not limited to the assets available in the
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calibration. The Cal-TPS has three parts:
software, an interface test adapter, and a TO.
They are designed to work with the calibration
standards and the ATE station’s integral assets
to satisfy the requirements documented in the
CMRS.

17. Cal-TPS Software. The software guides the
ATE calibration process. The operator interacts
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with it to test, report, and evaluate results. One
of the most useful ways to organize the program
is to parallel the main components and func-
tions of the ATE, using a menu-driven tech-
nique. The menu foliows a logical order based
on the calibration hierarchy of the ATE, i.e.

iteme needed to calibrate other comnonents of
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the station must be calibrated earlier in the
process. The software is usually written to run
on the ATE’s host computer.

18. Calibration Interface Test Adapter and
Cables. Few ATE stations connect directly to
the weapon system components under test. Most
have a combination of interface panel, swnch
box, cables, and connecior adapier
m A

ATE and tha waannn cuctsa cimilar cuctem
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is needed to connect the calibration standards to

t
the ATE. ldeally, this is designed to calibrate
the ATE through the same interface that
connects it to the weapon system. If such is
impractical or impossible, a special interface test
adapter and cables may need to be developed io
achieve the connectivity. When this approach is
(‘nanmnlnth it IS necessary to  assess the

technical rlsk and potential error contributions
of the adapter/cable set. The issue of how to
connect the ATE station to the calibration
standards is complex and defies reduction to a

one-size-fits-ali, nanay set of rmes and gu1 ie-
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interface adapter, and the ¢ alibratio

It tells how to run the process up until the point
where the software’s instructions take over
control. The TO 1is prepared according to
MIL-M-38793A, and contains four principal
parts: ATE specifications, specifications of the
calibration standards, starting instructions, and
detailed performance tables with ranges, test
points, and error limits for each parameter

calibrated.

Section F—Summary
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Needs. A'TE calioration Suppoit iS €VOiving
ranidly. The basic idea of calibratine the whole
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ATE station as a system will endure, but the
details of how to make it possible will change as
improvements occur in test instrumentation, test
and system software design, and calibration
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standards and techniques. AGMC has additional
documents with detailed information on calibra-
tion standards, communications interfaces and
protocols, Cal-ITA design, and other
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implementation-specific issues. For more infor-
mation, write AGMC/MLSE, Newark AFB OH
43057-5475, or call commercial (614) 522-7398
(AUTOVON 580-7398).
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